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Goals of this Study
Radiative Transfer Model Intercomparison Project (RTMIP)

Compare forcing by well-mixed GHGs from:
- GCMs participating in the IPCC AR4
- Line-by-line (LBL) codes: benchmarks

Determine accuracy of GCM codes
under idealized conditions.

-

Types of forcing considergd:
- Present-day - preindusfria anges in WMGHGs
- 2xCO, - 1xCO, and 4xCO, - 1xCO,
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Design of the Intercomparison

Comparison of instantaneous forcing (not flux):
- Stratospheric adjustment is not included.

- Instantaneous forcings are included in
WGCM protocol for IPCC simulations.

Calculations are for clear-sky conditions.
- We use a climatological mid-latitude summer profile.
- Including clouds would complicate the intercomparisons.

- Radiatilie effects™of-constitlients: .
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Participating AOGCM and LBL groups

AOGCM Groups

LBL Modelers

Originating group®

Country

Model

Originating group® Country Model

Reference

BCCR

CCCma
CCSR/NIES/FRCGC
CNRM

GFDL

GISS

INM

IPSL

LASG/IAP
MIUB/METRI/KMA
MPIfM

MRI

NCAR

NCAR

UKMO

UKMO

Norway
Canada
Japan
France
USA
USA
Russia
France
China
Germany/Korea
Germany
Japan
USA
USA

UK

UK

BCCR-BCM2.0
CGCM3.1(T47/T63)
MIROC3.2(medres/hires)
CNRM-CM3
GFDL-CM2.0/2.1
GISS-EH/ER
INM-CM3.0
IPSL-CM4
FGOALS-gl.0
ECHO-G
ECHAMS5/MPI-OM
MRI-CGCM2.3.2
CCSM3

PCM

HadCM3

HadGEM1

GFDL USA

GISS USA

ICSTM UK

LaRC USA

UR UK

GFDL LBL Schwarzkopf and Fels [1985]

LBL3

GENLN2

MRTA

RFM

Edwards [1992]; Zhong et al. [2001]
Kratz and Rose [1999]

Dudhia [1997]; Stamnes et al. [1988]
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» There are 16 groups submitting
imulations from 23 AOGCMs to




Shortwave radiative forcing at the surface
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T

€ 0.000 3

o 5
x £ -0.001 3 -
3 = ' 9
= o E 3,

) 3 5
E o -0.002 : ¥
b X E =
— ‘C . E CO2: 287=574 ppmv 3
> s : N;O: 275+316 ppbv, + CFCs E 2
9 w ——CH4: 806~1760 ppbv, + CFCs E 3
Z e = 5

<+ = =

£ -0.005 3 = L

l © E E =
------ TrrrerTrtrTe ) AL RS ML LR LA LLLRES LA LLLE
0 1 2 3 4 5 © 0 1 2 3
Wavelength (um) Wavelength (um)

-
L #F
—_—— -

3 Collins et al, 2005

1.




Longwave radiative forcing at 200 mb

Transmission
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Forcing by historical increases in CO,

COy: 287-369 ppmv ( CO,: 287369 ppmv (SW)
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Forcing by historical increase in WMGHGs

WMGCHGs: 1860-2000 volues ( WMGHGs: 1860-+2000 values (SW)
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Level
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Forcing by methane and nitrous oxide

Longwave

CH4: 0806 ppbv, NaO: 0275 ppov (LW)

¥ LBLs
AQGCMs

FTE

TOM |

200mb

Surface

4

Figgmg (Wm=?)
IJ.:.! o

5 il r

Level

CHs: 0806 ppbv, NyO: 0275 ppbv (SW)

¥ LBLs
AQGCMs

FTE

TOM |

200mb

Surface

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2

Forcing (Wm~—2
-




Forcing by methane + CFCs
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Forcing by nitrous oxide + CFCs

NoO: 275-316 ppbv, + CFCs (LW)
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Forcing by water vapor feedback

Hz0: 100%-120% of MLS (SW)
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Change in heating rates by CO,

_COy: 287 —>369 ppmv (LW) _CO2: 287369 ppmv (SW)
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Change in heating rates by CH, and N,O
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Change in heating rates by WMGHGs

WMGHGs: 1860—:*200[} values (LW) WMGHGs: 1860—}2000 values (SW)
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Change in heating rates by H,O

H,0: 1GD?+120% of MLS ( ) H20: 10{}%—>120% of MLS (SW)
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Trends in Ocean Temperature: Upper 300m
(Results from CCSM3 Ensemble)
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Increases in Global Ocean Temperatures
(Results from CCSM3 Ensemble)

HEAT CONTENT CHANGES (1996 — 1957)
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Change in Clear-Sky Insolation in IPCC Runs

Annual Surface Clear—Sky Insolation Anomaly for 20th C. Runs
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Diaghosed forcings for AOGCM integrations
(SRES A1B scenario)

Longwave Forcing for 21st RES ATB Scenarig Shortwave Forcing for 21st Century: SRES A1B Scenarig
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Conclusions

No sign errors in the ensemble-mean forcings from AOGCMs!

- Out of 228 individual forcing calculations, there is only sign error
for one model.

Forcing by historical changes in WMGHGs:
- Mean LW forcings agree to within +0.12 Wm-2.
- Individual LW forcings range from 1.5 to 2.7 Wm-2 at TOM.
- This adversely affects separation of forcing from response.
- Mean SW forcings differ by up to 0.37 Wm-2 (43% error).
- Large SW.errors ed-to omis n-;g__f CH, and N,0.
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